Abstract Low socioeconomic status (SES) influences the risk of acquiring human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS) and thus should be considered when analyzing HIV/AIDS surveillance data. Most surveillance systems do not collect individual level SES data but do collect residential ZIP code. We developed SES deprivation indices at the ZIP code tabulation area and assessed their predictive validity for AIDS incidence relative to individual neighborhood-level indicators in Florida using reliability analysis, factor analysis with principal component factorization, and structural equation modeling. For urban areas an index of poverty performed best, although the single factor poverty also performed well. For rural areas no index performed well, but the individual indicators of no access to a car and crowding performed well. In rural areas poverty was not associated with increased AIDS incidence. Users of HIV/ AIDS surveillance data should consider urban and rural areas separately when assessing the impact of SES on AIDS incidence.
Introduction
In the United States (US) and other developed countries, there has been consistent evidence that the incidence of human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS) is higher among people and communities with lower socioeconomic status (SES) [1] [2] [3] [4] . Low SES, viewed as a proxy of deprivation, can influence the risk of acquiring HIV infection and the progression to AIDS at both the individual and community levels. At the individual level lower SES may be associated with less access to health care [1, [5] [6] [7] and greater stress [8] . A deprived community exposes its residents to conditions such as high unemployment and may be more disorganized and chaotic creating a culture permitting higher risk sexual practices and illicit drug use [9] [10] [11] .
The HIV/AIDS surveillance systems throughout the US do not generally collect data about individual level SES such as income or education [12, 13] . For that reason, neighborhood socioeconomic data has been used as a proxy for individual SES by many researchers in studying AIDS incidence or survival in the US and other developed countries [1] [2] [3] [4] [5] [6] [7] [14] [15] [16] [17] [18] as well as in studying health disparities for other diseases and health service use inequalities [19] [20] [21] [22] [23] . Socioeconomic status is a complex construct that involves both material and social factors [23] . To measure SES at the neighborhood level, researchers have used the US census variables: poverty, predominantly working class neighborhood, and low educational level [7, 21] ; median annual income [16] ; percentage of owneroccupied homes [24] [25] [26] ; and percentage of people living below the poverty line, number of people living per square mile, and percentage of households with an annual income at least $150,000 to capture wealth [4, 27, 28] . While SES measured at the smallest geographic level such as census blocks and tracts is likely to give the most precise estimate of the conditions that individual people are exposed to, most surveillance systems do not have the resources to geocode cases within the system [18, 25] . However, surveillance systems do collect the residential ZIP codes; thus rates by ZIP code can be easily calculated.
Because there are so many SES indicators available from the US Census, it is helpful for analyses to have SES indices composed of indicators that reflect various domains of neighborhood deprivation. Several indices have been proposed and used in Great Britain, Italy, Spain, France, Sweden, Japan, and Canada [19, 23, [29] [30] [31] [32] [33] . However, they may not be appropriate for the US economic and social situation. Furthermore, they may not work well in rural as well as in urban situations [20, 22, [34] [35] [36] . Indeed, the choice of indicators used in the indices and the spatial unit of observation depend upon the cultural, social and demographic contexts, as well as the sociodemographic data available at the geographic unit of analyses [25, 26] . For the US context, researchers developed SES indices which they validated using mortality and cancer incidence rates [25] , sexually transmitted infections, tuberculosis and violence [25, 37] , low birth and childhood lead poisoning data [26] and perinatal health outcomes [28] . However, indices have not been validated for AIDS incidence data and have not been assessed for rural and urban settings independently. The few studies that considered the rural/ urban comparisons were performed in the UK [20, 22] , and those looking at AIDS assessed SES-specific variables and not indices [4, 12] .
The empirical indices assumed that SES indicators contribute equally to measure area-level deprivation. Indeed, the widely used indices, Townsend index [29, 31, 38] and Carstairs index [30, 31] , are computed as an unweighted sum of the transformed scores of the indicators involved in each index. Newly developed indices adopted a factor-analytic model that takes into account the importance of each indicator in the index [23, 25, 26, 28, 39] . Some authors using the factor-analytic approaches only used the first principal component as the SES index [26, 28, 37, 39] , assuming therefore that the SES construct has one single domain. Other authors identified and used 2 distinct components known as material and social deprivation indices [23] . The choice of SES indicators has been based on empirical evidence of relationships between each indicator and health outcomes [18, 23, 26] , but varied substantially between studies [28] and may potentially be measuring different components of SES deprivation. Researchers assumed as well that SES indicators were reliable in measuring neighborhood deprivation. However, indicators may exhibit relatively different levels of reliability and homogeneity depending on the countries and geographic sub-unit within a given country (e.g., state, census tract, ZIP code) at which the census SES data has been collected from. There may also be more heterogeneity within rural areas than urban areas [20] .
The first objective of this study was to develop SES indices at the ZIP code level. The second objective was to assess the predictive validity of the SES indices by correlating them with health outcomes well known to be associated with socioeconomic deprivation [4, 20, 25, 26, 39, 40] , namely, the AIDS incidence data. Further objectives were to (1) estimate the reliability of indicators in measuring the SES deprivation for rural and urban areas, (2) identify clusters of indicators defining different components of SES deprivation, and (3) to determine if these deprivation indices would be better than any single SES indicator in explaining geographic disparities in AIDS incidence rates. Florida is a good state for this study because Florida has been particularly affected by the HIV/ AIDS epidemic and in 2009 had the highest HIV case rate and the third highest AIDS case rate in the United States [41] . Although there have been no published reports about rural/urban differences in AIDS case rates in Florida and most of the cases are reported from several large urban counties, AIDS is widespread in Florida with 65 of the 67 counties reporting cases in 2009 [42] .
Materials and Methods

Unit of Analysis
The choice of the neighborhood level of study is crucial as it defines the degree of homogeneity in the SES indicators [23, 25] . For this study, the ZIP code tabulation area (ZCTA) was selected as the unit of analysis, since it is the smallest geographic unit at which SES data are readily available from surveillance data in Florida.
A ZCTA is a statistical entity developed by the US Census Bureau for the tabulation of summary statistics from the 2000 US census [43] . It is built by aggregating the 2000 US census blocks, whose addresses use a given ZIP code, into a ZCTA which gets that ZIP code assigned as its ZCTA code. The 1990 US census reported data directly by ZIP codes, but since ZIP codes are determined by the US postal service and are not constructed from the same geographic building blocks as the US census, ZCTAs were AIDS Behav (2013) 17:700-709 701 created in an attempt to reflect ZIP codes as much as possible using census geography. Contrary to a ZIP code, which contains on average 30,000 persons, there are no restrictions limiting how large or small a ZCTA can be in terms of either a minimum/maximum number of housing units or surface areas. As a result, ZCTAs may be as small as a few city blocks or cover many square miles. A total number of 972 ZCTAs in Florida was considered. Those with correctional facilities were excluded because the ZIP code of a correctional facility may be different from the place where the person was actually exposed to HIV. Those ZCTAs with missing values on most of the indicators, especially ZCTAs with total population less than 30, were also excluded, leaving 854 ZCTAs (87.7 %).
The ZCTAs were divided into rural and urban areas. The US Census Bureau classifies as urban all territory, population, and housing units located within an urbanized area (UA) or an urban cluster (UC). It delineates UA and UC boundaries to encompass densely settled territory, which consists of: (1) core census block groups or blocks that have a population density of at least 1,000 people per square mile and (2) surrounding census blocks that have an overall density of at least 500 people per square mile. The Census Bureau's classification of rural consists of all territory, population, and housing units located outside of UAs and UCs. The rural-urban status was assessed based on the Rural-Urban Categorization (RUCA) data codes developed by the University of Washington [44, 45] . The RUCA system was recommended because it is available at the zip code level. Therefore, it is more precise than alternative categorizations, and it provides a great deal of flexibility as the codes can be collapsed or combined in several different ways [45, 46] . In the RUCA algorithm, the categorization D was used as it is the simplest, defining urban as the Census Bureau does and including as well all the places that have 30 % or more of their workers going to a US Census Bureau-defined urbanized area. The ultimate sample of 854 ZCTAs consisted of 739 (86.5 %) from the urban areas and 115 (13.5 %) from rural areas.
Socioeconomic Variables and AIDS Incidence Data
A total of 13 variables drawn from numerous US census measures of neighborhood socioeconomic conditions and related to the broad sub-domains of poverty, income and wealth, employment, housing and crowding, education, occupation and transportation, were the most commonly used indicators in various research studies [4, 21, 27, 28] . They were chosen to enable the measurement of SES in a comprehensive manner while taking into account its complexity [26, 37] .
The following variables were selected based on their theoretical and empirically evidenced relevance (Table 1) : transportation (assessed by the percentage of households without access to a car) [29, 38] ; crowding (percentage of households with more than one person per room) [21, [27] [28] [29] 38] ; poverty (percentage of people below the federallydefined poverty line, a threshold varying by size and age composition of the household) [21, 25, 26] ; wealth (percentage of owner-occupied homes worth at least $300,000) [25, 26] ; median income (median household income in 1999) [21, [25] [26] [27] ; low income (percentage of households with annual income less than $15,000) [25, 26] ; high income (percentage of households with annual income of at least $150,000) [25, 26] ; income disparity (a proxy of the measure of income inequality known as the Gini coefficient and defined as the logarithmic transformation of 100*ratio of the percentage of households with income less than $10,000 to the percentage of households with income of at least $50,000) [27] ; low education (percentage of persons, aged 25 years and older, with less than 12th grade education) [25, 26] ; high education (percentage of persons, aged 25 years and older with a graduate or professional degree) b variable was reversed to align all the items scoring in the same direction c Income disparity was defined as the logarithmic of 100*ratio the % of households with annual income less than $10,000 to the % of households with annual income of at least $50,000 [25, 26, 28] ; renting (percentage of households who rent) [29, 38] ; unemployment (percentage of persons, 16 years and older, who are unemployed) [21, [27] [28] [29] 38] ; and low working class (percentage of persons employed in the predominantly low working class occupations) [21, 25, 26] . The ZCTA AIDS incidence data were drawn from the Florida HIV/AIDS Reporting System (HARS) and included all cases with a diagnosis of AIDS between 1998 and 2002, of which there were 20,528 (2.9 and 97.1 % respectively in rural and urban ZCTAs). For each ZCTA the average 5-year (1998-2002) age-adjusted HIV/AIDS incidence rate was calculated using the Florida age-distribution of the population reported in the 2000 US census. These years were chosen because a 5-year average could be calculated, and these were the closest years to the 2000 US census.
Data Analysis
The analysis involved standardized scores of the SES indicators. As done for the Townsend deprivation indices [25, 26] , and for others indices developed [21, 39] , standardization was used to take into account the different measurement scales (e.g., poverty, median income, and income disparity). The analysis involved the following steps: (1) reliability analysis of the whole SES scale, (2) factor analysis with principal components factorization, and (3) structural equation modeling framework with AIDS incidence as the outcome variable and the latent factor(s) defining SES indices as the predictors. Analysis was performed for rural and urban settings.
For the reliability analysis, the Cronbach's Alpha coefficient was used as a measure of the internal consistency of items in the scale [47, 48] . Cronbach's alpha coefficient is widely believed to indirectly indicate the degree to which a set of items measures a single unidimensional latent construct. The higher the coefficient, the more reliable the generated summated scale is. A sequential variable's deletion based on ''Cronbach's Alpha if item deleted'' (high value) and ''Corrected item-total correlation'' (low value) was performed to select the most important indicators of the scale and to delete the less consistent within the total scale. Some of the indicators were reversed to align the items scoring in the same direction; that is, the higher the score on each indicator, the higher the SES index.
A factor analysis with principal components factorization, followed by a varimax rotation [49, 50] , was used to identify clusters of inter-related indicators with larger loadings, defining clear theoretical and meaningful factors [51] . The number of factors retained was based on the number of eigenvalues greater than one [51] . Although the focus was on clustering variables into sub-domains of SES deprivation, the choice of the factorization was intentionally aimed to determine the minimum number of factors that will account for the maximum variance in the multivariate data, instead of the common variance shared by all the SES indicators [52] .
A structural equation model, linking each latent factor (with its indicators) to AIDS incidence rates, was constructed to estimate the extent to which the SES indices correlate with AIDS incidence [39, 53] . In this SEM framework, the focus was more on the percentage of variability in the AIDS incidence explained by the latent factor, rather than the fit indices of a theoretical model that would fit the data at hand [53] .
To evaluate the extent to which SES indicators and indices are associated with AIDS incidence, two measures were used: correlation coefficient (CC) and incidence rate ratio (IRR). The CC assumed a linear relationship between AIDS incidence and each variable. The use of IRR was intended to discriminate the extreme groups, the most deprived and the least deprived groups. For each SES indicator and each SES index, quartiles were computed. Poisson regression models [27, 37, 54] were fitted to AIDS incidence and reported IRR values compared the highest quartile to the lowest quartile.
Statistical analyses were performed using SPSS and Amos version 18 for reliability, factor analysis and SEM modeling, as well SAS 9.2 for extracting area-based AIDS incidence and HIV/AIDS deaths from the HARS data [55] [56] [57] .
Results
Reliability Analysis and SES Indices
There were nine indicators with Cronbach's alpha of 0.924 for urban ZCTAs and four indicators with Cronbach's alpha of 0.889 for rural ZCTAs, chosen from the 13 indicators entered in the reliability analysis (Table 2) . Four items not selected in urban and rural ZCTAs correspond to indicators defining the Townsend index (no access to car, crowding, unemployment and renting a house) [29] . In rural ZCTAs, these indicators achieved a reliability coefficient of 0.403, which is lower than the usually accepted 0.7 cut-off. In urban ZCTAs, Cronbach's alpha coefficient was 0.728 for these four indicators.
For rural areas, only one component was defined, grouping together poverty status, low income, income disparity and median income. This component, labeled as the ''poverty index'' (different from the poverty status indicator), explained 75.1 % of the total variance in the indicators. In urban areas, a 2-factor solution was identified, and explained 81.8 % of the total variance. The first cluster of indicators included poverty status, low income, income disparity, and low education. These SES indicators were used to create the ''poverty index'', with high scores indicating the most deprived. The second cluster of indicators captured median income, high class work, high income, high education and wealth. They were used to create the ''affluence index'', with high scores indicating the lack of affluence. Observed scores of the KaiserMeyer-Olkin (KMO) index of sampling adequacy were 0.836 and 0.810 for rural and urban areas, respectively, justifying the adequacy of the factor analysis. With the available sample sizes, the observed percentages of variance accounted for were detected with power of 99 % [49] .
AIDS Incidence with SES Indicators and Indices
In rural areas, there were weak and statistically non-significant correlations between AIDS incidence and individual SES indicators, except for income disparity and three of the Townsend indicators: no access to a car, crowding and renting a house (Table 3) . For these indicators, correlations ranged from 0.203 to 0.250 in absolute value and were statistically significant although still in the weak range. For urban ZCTAs, observed correlations between AIDS incidence and SES indicators ranged from 0.093 (wealth) to 0.621 (no access to a car), and were all statistically significant (Table 3 ). The Townsend indicators were positively associated with the AIDS incidence with particularly high correlation values (Table 3) . Even though the correlations for urban ZCTAs were all statistically significant, some of them were small (e.g., for the items that form the affluence index and the affluence index itself) and significant due to the large sample size.
In terms of the ability of SES indicators to differentiate extreme groups, incidence rate ratio (IRR) values ranged from 1.710 (wealth) to 8.385 (no access to a car) in urban areas, meaning that the most deprived groups had higher AIDS incidence rates than less deprived groups. In rural areas, Townsend indicators discriminated positively the extreme groups with IRR values from 2.113 (no access to a car) to 3.966 (crowding). The remaining SES indicators showed opposite relationships with IRR values from 0.463 (income disparity) to 0.927 (poverty); that is, less deprived areas had higher AIDS incidence rates than the most deprived areas (Table 3) .
Structural equation models relating SES indices (Poverty, Affluence, and Townsend-like indices) to AIDS incidence rates are graphically illustrated in Figs. 1, 2, 3, 4 and 5, along with standardized coefficients, the estimated construct reliability (CR), the goodness-of-fit index (GFI), the comparative fit index (CFI) and the coefficient of determination (R 2 ). Other measures to assess the extent to which AIDS incidence correlates with SES indices, such as CC and IRR are presented in Table 3 .
The observed fit indices were 0.75 and over, establishing that, overall, the models are acceptable. However, acceptable fit indices do not imply the relationships are strong. Indeed, although models were acceptable, not all the paths were highly significant (Figs. 1, 2, 3, 4 , and 5). The Townsend-like index had a very low construct reliability in rural areas (CR 0.386). Other construct reliability coefficients ranged from 0.721 to 0.924, reflecting again adequate consistency among indicators defining each SES index.
In rural ZCTAs (Fig. 1) , the poverty index was negatively associated with AIDS incidence, implying that the (Table 3) . In urban ZCTAs, contrary to the rural area, poverty index was found positively associated with AIDS incidence with both CC value (0.584) and IRR value (8.558) statistically significant. Moreover, it explained 34.1 % of the total variability in the AIDS incidence rates ( Fig. 2 ; Table 3 ). The affluence index did not perform well in urban areas. The observed positive correlation with AIDS incidence was less than 0.25, and the IRR value was less than four (Table 3) . Although CC and IRR values were statistically significant, the model explained 2 % of the total variance in incidence rates (Fig. 3) . For the Townsend index, SEM models revealed very low and non-significant coefficients of variables for the factor for rural ZCTAs (Fig. 4) , as well as moderate to high significant loadings for urban ZCTAs (Fig. 5) . The Townsend index explained 62.7 % of the total variance in the AIDS incidence data for urban ZCTAs, but only 25.8 % in rural ZCTAs. In terms of the ability to discriminate extreme groups, IRR reached a value near eight in urban ZCTAs, but only near four in rural ZCTAs (Table 3 ). Townsend index and AIDS incidence were positively correlated, although not significantly for rural ZCTAs. Surprisingly, correlations were generally higher than those observed for the other constructs defined above (Table 3) .
To what extent did individual SES indicators outperform the developed indices? In terms of the power of discrimination (IRR values), crowding appeared to be better than poverty and Townsend indices for rural ZCTAs (Table 3) . In urban ZCTAs, the poverty index outperformed individual SES indicators but was only marginally better than poverty status. However, access to a car outperformed affluence and Townsend indices in urban ZCTAs. In terms of the correlation, no access to a car outperformed all the indices except the Townsend index in urban areas. In rural areas, renting a house outperformed all indices except the Townsend index.
Discussion
The study findings revealed that SES indicators do not consistently define one unique construct. Instead, they define various dimensions of the SES deprivation construct. Therefore, instead of using one single factor-index [26, 28, 39] , poverty, affluence, and Townsend-like indices may define three dimensions of the SES deprivation concept. A more comprehensive and fully delineated SES deprivation construct should include various aspects of social and economic life [27] . Pampalon et al. [23] proposed two dimensions of the SES deprivation, material and social deprivation, tapping into indicators that measure the quality of social life, such as the state of being a single parent family, living alone, and being separated or divorced or widowed.
Both reliability and factor analyses were useful as exploratory tools, enabling discovery of various structures in the SES indicators, and as a measure of the internal consistency of the clusters defining dimensions of the SES deprivation. However, these analyses need to be applied to an exhaustive set of SES indicators. Pampalon et al. [23] selected only six indicators for their study, while Messer et al. [28] retained eight of the 20 indicators initially selected to compute the index. Krieger et al. [26] used 11 indicators while Singh and Siahpush [27] factor-analyzed 17 variables.
Our study findings suggested that rural and urban areas are different in terms of the importance of SES indicators, deprivation indices, and their associations with AIDS incidence. Barnet et al.'s [22] findings also indicated that SES deprivation may differ between urban and rural areas, suggesting the need to use and differentiate between SES indicators that are more sensitive to rural and urban settings. This emphasizes once again the need to tap into various aspects of the rural-urban socio-economic life and challenges.
Our study showed that SES deprivation indices were associated with AIDS incidence. Findings suggested close relationships and high discrimination ability of the proposed indices in urban areas, but not in rural areas. Haynes and Gale [20] reported similar findings in which both death and limiting long term illness rates were most closely predictable by deprivation in large urban centers, and much less predictable in inner rural areas. These rural-urban differences may be a function of either more heterogeneity in SES in rural areas and fewer indicators to account for this heterogeneity, or not enough variability in SES indicators in rural areas to explain individual-level variability in the risk of AIDS, or the existence of different factors (HIV/AIDS risk behaviors and other psychosocial behaviors) that put people at increased risk of HIV/AIDS in rural and urban areas. Rural-urban differences may reflect perhaps much more opportunity for transmission in urban locations, given the nature of HIV transmission (e.g., needle sharing, unprotected sexual intercourse).
The structural equation model-based approach provided a way to maximize SES data available by constructing latent variables, allowing different weights for SES indicators. However, this does not necessarily lead to perfect indices capable of explaining the variability in AIDS incidence and/or discriminating highly deprived areas from least deprived areas better than single SES indicators. Study results showed that SES indices behaved only slightly better than some of the single indicators (e.g., poverty status, low income and transportation). These findings are consistent with results from Krieger et al. [25, 26] that suggest poverty status would be a better simple measure to monitor socioeconomic disparities. In terms of income, Simon et al. [12] found that three income-related indicators (income disparity, low income and median income) showed relatively strong relationships with AIDS rates, although some were outperformed by the Townsendrelated SES indicators.
Our study findings bear some limitations. First, the selection of SES measures is limited by what is collected by the US Census, and the ZCTAs used by the US Census Bureau are relatively large areas, likely more heterogeneous, rendering less easy the task of capturing the meaning of contexts being measured and pinpointing existing socioeconomic gradients. Moreover, people living in the so-called rural areas may be in a so-called poor ZCTA but also be relatively close to a more affluent ZCTA (adjacency to small and large urban centers). There is no clear-cut delineation of SES indicators following rural and urban ZCTAs.
Second, for AIDS incidence rates, the location of reported case is not necessarily where a person was infected because the time between HIV infection and AIDS onset can be very long. People sometimes move from the place they were infected with HIV to a place where they might get better care. A study using a national probability sample of HIV-infected people found that about 17 % reported moving to a non-adjacent county or farther after HIV diagnosis; 85 % of these moves were from one urban county to another urban county, 8 % were from urban to rural areas, and 6 % from rural to urban areas [58] . Moreover, ZIP code location obtained by self-report or from address in medical reports cannot be assumed to correspond to census-defined ZCTAs.
Third, excluding zip codes with correctional facilities may have led to the exclusion of cases that were not incarcerated. However, to attribute the SES of the zip code to the environment of the incarcerated people would almost certainly have led to misclassification. Finally, the small sample size of rural areas limits the study of SES deprivation indices and their association with AIDS incidence.
Although the small sample size of rural areas is a concern, we feel that it is adequate for what we aimed to do. Yurdugul [59] showed that if the largest eigenvalue is between 3.00 and 6.00 (which was the case in this study), the required minimum sample size, n = 100, will be adequate for an unbiased estimator of the Cronbach's alpha coefficient. Moreover, based on the ratio of indicator variables, the minimum sample sizes would be 100 for the structural equations modeling (SEM) [49, 52, 59] . However, for sample sizes less than 200, problems of nonconvergence to a proper solution and improper solutions may appear in SEM, but may be reduced by strong internal consistency [60] .
Conclusion
In conclusion, this study provides evidence that: (1) SES deprivation is defined by more than one dimension; (2) there is an inverse association between SES indices and AIDS incidence; (3) rural and urban areas are different in terms of SES indicators, SES deprivation indices, and their association with AIDS incidence; (4) there is a need for more data on SES indicators, especially in rural areas, to tap into various aspects of the rural-urban socioeconomic life; and (5) the availability of SES data at smaller geographic levels would ensure a higher degree of homogeneity in the socioeconomic conditions, enhancing SES deprivation indices and their predictive ability. However, more research work is needed to obtain a consensus on all the SES indicators pertinent to socioeconomic inequalities, tapping into all aspects of rural and urban daily life.
The validation process needs to be repeatedly undertaken until such time as we obtain valid and stable SES indicators and the estimates of their relative importance (weights) in defining the various domains of SES deprivation. This would allow for the calculation of SES deprivation scores by plugging the indicators' values into the formulas. In the meantime one can consider using poverty as a single variable or poverty index when analyzing the association between SES and AIDS incidence. However, caution is advised in the use of these variables for analyses involving rural areas. More importantly, HIV/ AIDS surveillance systems should focus on collecting individual-level SES data, instead of relying on neighborhood SES data as proxy of individual SES measures.
